. However, little information is available concerning geographic patterns of testicular cancer in smaller areas within a country. Scandinavian countries showed a marked homogeneity in testicular cancer incidence within each country, in contrast to the significant heterogeneity between the countries (Moller Jensen et al, 1988; Adami et al, 1994) . In addition to nationwide geographic variations, differences in testicular cancer IRs have been observed between urban and rural communities. In Denmark, higher IRs of testicular cancer in men who grew up in urban areas have been reported (Clemmesen, 1968; Moller, 1997) . On the other hand, an increased incidence of testicular cancer, in particular of seminomas, has been observed among men in rural communities in the UK and the US (Lipworth and Dayan, 1969; Graham et al, 1977; UK Testicular Cancer Study Group, 1994).
. In addition to nationwide geographic variations, differences in testicular cancer IRs have been observed between urban and rural communities. In Denmark, higher IRs of testicular cancer in men who grew up in urban areas have been reported (Clemmesen, 1968; Moller, 1997) . On the other hand, an increased incidence of testicular cancer, in particular of seminomas, has been observed among men in rural communities in the UK and the US (Lipworth and Dayan, 1969; Graham et al, 1977; UK Testicular Cancer Study Group, 1994) .
Within The Netherlands, a study in the 1960s showed a higher incidence of testicular neoplasms in a rural district of Friesland in the north compared with two urban communities in the western part of the country (Talerman et al, 1974) . However, a more recent study, analysing urban-rural variations in cancer incidence within The Netherlands in the period 1989-1991, demonstrated no differences in testicular cancer IRs between urban and rural areas (Schouten et al, 1996) .
In general, geographic variations and urban-rural differences in incidence of testicular cancer may be caused by differences in the inhabitants' personal behaviour and lifestyle patterns, exposure to environmental pollution and occupational hazards (Doll, 1991) . Furthermore, geographic and urban-rural variations may also result from differences in genetic susceptibility to testicular cancer. The influence of genetic factors on cancer rates seems to be stronger in stable homogeneous populations, often living in rural areas, because members of these populations tend to be closely related and are likely to share genes from common ancestors, including possible disease-related genes (Talerman et al, 1974; Te Meerman et al, 1995) .
In the present study, geographic patterns of testicular cancer IRs in the 12 provinces in The Netherlands during the period 1989-1995 are analysed. Moreover, the incidence of testicular cancer by degree of urbanization is evaluated. In addition, factors supporting a genetic susceptibility to testicular neoplasms and the suitability of stable founder populations for searching possible genes involved in the development of testicular cancer are discussed.
PATIENTS AND METHODS
Data on age-adjusted incidence of testicular cancer in The Netherlands in the period 1989-1995 were retrieved from the files of the nationwide population-based Netherlands Cancer Registry (NCR). Since 1989, the NCR covers the whole population of The Netherlands. The main sources for the NCR are the computerized databanks of all pathology departments in the country (PALGA) and the hospital discharge databank to which all hospitals in the country yearly provide information on all discharge diagnoses of admitted patients. The overall completeness of the nationwide cancer databank of the NCR is estimated to be about 95% for all cancer sites (Schouten et al, 1993; Van der Sanden et al, 1995) .
The Netherlands consist of a total of 12 provinces. In general, the majority of the Dutch population lives in urban municipalities in the western provinces of the country (Zuid-Holland, NoordHolland, Utrecht), while particularly the northern provinces (Groningen, Friesland, Drenthe) are less densely populated.
Information about population figures was obtained from the Dutch Central Bureau of Statistics (CBS) (Central Bureau of Statistics, 1996) . The average male population figures between 1989 and 1995 were based on population figures in 1990, 1992 and 1994 . The CBS has also classified municipalities by level of urbanization according to an index based on the address density of the surroundings (Den Dulk et al, 1992) .
Using this index, municipalities were classified into five groups with consecutive degrees of urbanization, from no urbanization to very dense urbanization. The total number of cases and ageadjusted IRs of testicular cancer per 100 000 men in each of 12 Dutch provinces in the period 1989-1995 were analysed. To provide information on the stability of the IRs, age-specific IRs of testicular cancer in six 15-year age groups were analysed. In addition, separate analyses were performed for the age-adjusted IRs of the two main histological types: seminoma and non-seminoma. For all histological types combined, incidence rate ratios (IRRs) were calculated by dividing the IR of testicular cancer in each province by the IR of testicular cancer in the whole country. IRs were age-adjusted by direct standardization to the European Standard Population. Bilateral testicular cancer cases attributed only one neoplasm to the calculation of IRs. The precision of IRRs was assessed by calculating 95% confidence intervals (CIs) using the method described by Rothman (1986) . Increased regional IRs compared to the IR in The Netherlands were considered to be statistically significant whenever the lower limit of the 95% confidence interval (CI) did not include 1.00.
In addition, the age-adjusted IR of testicular cancer in relation to the degree of urbanization in The Netherlands during the period 1989-1995 was evaluated. Separate analyses were performed for the IRs of the two main histologic types, i.e. seminomas and nonseminomas, in the five urbanization classes.
RESULTS
The average male population, the total number of cases and the age-adjusted IRs by histology in the 12 Dutch provinces in the period 1989-1995, as well as the IRR of the testicular cancer IR of each province refered to the IR of the whole country, are shown in Table 1 . The 12 Dutch provinces are represented in Figure 1 . The overall annual age-adjusted IR of testicular cancer in The Netherlands in the period 1989-1995 was 4.4 per 100 000 men. The annual age-adjusted IRs of the two main histological types, seminoma and non-seminoma, were 2.3 per 100 000 men and 1.8 per 100 000 men, respectively. The IR of other histological types (which did not include malignant lymphomas) was 0.2 per 100 000 men. The province Groningen, in the northern part of the country, showed the highest IR of testicular cancer with 5.8 cases per 100 000 men per year. This IR was higher than the overall IR in The Netherlands (IRR 1.3, 95% CI 1.1-1.6, P < 0.05). In addition, Groningen showed the highest age-specific IRs in all relevant younger age-groups (15-29, 30-44 and 45-59 years; Table 2 ). Moreover, the highest IR in Groningen was seen for both seminomas (IR 3.1) and non-seminomas (IR 2.4). The high overall IR and the relative stability of this rate as it was based on high IRs in younger age-groups and for the main histological types indicate that the increased incidence in Groningen might be genuine. Friesland, also situated in the northern part of The Netherlands, showed the second highest IR of testicular cancer with 5.3 cases per 100 000 men per year (IRR 1.2, 95% CI 1.0-1.5, not significant). This mainly resulted from the high IR of seminoma in Friesland (IR 3.0). The lowest IR of testicular cancer was found in Zeeland, in the Southwest, with 3.4 cases per 100 000 men (IRR 0.8, 95% CI 0.5-1.1, not significant). The lowest IR in Zeeland was seen for both seminomas (IR 1.8) and nonseminomas (IR 1.5).
The avarage male population, the total number of cases and the age-adjusted IRs of testicular cancer by histology related to the degree of urbanization in The Netherlands are listed in Table 3 . No differences were found between IRs in the five urbanization classes and the IR in The Netherlands at analyses of all histological types, or at separate analyses of seminomas and nonseminomas.
DISCUSSION
Geographic clustering of testicular cancer within the northern part of a small country like The Netherlands is an interesting finding. In addition, no urban-rural differences in the incidence of testicular cancer were found in The Netherlands. Thus, although the north of The Netherlands predominantly consists of rural areas, the observed geographic clustering of testicular cancer in this part of the country most likely also results from other factors than those directly related to the degree of urbanization. In general, clues to In three cases the residence was unknown.
causes of cancer can often be generated from its geographic patterns of occurrence (Blot and Fraumeni, 1978) . It is difficult, however, to make definite inferences from single geographic clustering of neoplasms if aetiological factors of the neoplasm are largely unknown. This is of particular concern for testicular cancer, for which aetiology is poorly understood. A history of undescended testis is the most established risk factor. Other risk factors include a family history of testicular cancer, in utero exposure to oestrogens, infertility, a low birth weight and conditions of an abnormal sexual differentiation (Savage and Lowe, 1990; Sharpe and Skakkebaek, 1993; Akre et al, 1996; Dieckmann and Pichlmeier, 1997; Moller and Skakkebaek, 1999) . In view of the poorly understood aetiology, it is difficult to speculate about the aetiological significance of the regional clustering of testicular cancer as found in the present series.
In general, clustering of cancer within a population may result from shared environment, shared genes, or both. Theoretically, it is also possible that geographic clustering of cancer results from a combination of random factors. Furthermore, bias due to incomplete case ascertainment, errors in case registration and inaccurate residential information could cause geographic disease clustering. Moreover, bias may occur due to regional differences in patient presentation, although this seems less likely for testicular cancer than for other cancers, regarding the peak of testicular cancer in young age. It must also be noted that the geographic clustering represents a random finding in the population in time. In the present series no information is available on place of birth, degree of migration and mobility of the population. Theoretically, this information might be of particular importance in testicular cancer as the population affected is relatively young and, consequently, is likely to move more often than the general population. In view of the lack of information on migration and mobility, the present findings have to be interpreted cautiously. On the other hand, however, the high incidence of testicular cancer in the province Groningen in the north was demonstrated for both seminomas and non-seminomas, and was additionally found in all relevant young age groups in which testicular cancer most frequently occurs. These consistent findings indicate that the high incidence figure of testicular cancer in the north is rather stable.
A wide range of environmental factors has been associated with an increased risk to develop testicular cancer UK Testicular Cancer Study Group, 1994; Kristensen et al, 1996; Hardell et al, 1997; Moller, 1997) . However, many of the associations show little consistency and, consequently, have to be judged with some reserve. Moreover, none of the associations between environmental factors and testicular cancer development has been convincingly correlated with geographic variations in the incidence of testicular cancer (Adami et al, 1994) .
In addition to possible common environmental factors, geographic clustering of testicular cancer may also result from a common genetic susceptibility to the disease. This seems of particular importance in stable founder populations which tend to be closely related and are likely to share possible disease-related genes from common ancestors (Talerman et al, 1974; Te Meerman et al, 1995) . Several other observations point to a role of genetic factors in the aetiology of testicular cancer. Familial and bilateral testicular cancer cases occur more frequently than expected by chance. Familial aggregation of testicular neoplasms is reported in 1.0-2.8% of cases. Moreover, the relative risk to brothers of testicular cancer cases is increased by a factor of 3-13 (Dieckmann and Pichlmeier, 1997; Sonneveld et al, 1999) . In the absence of potent environmental risk factors for testicular cancer, this indicates the involvement of genetic factors in the aetiology of the disease (Khoury et al, 1988) . The prevalence of bilateral testicular cancer in patients with unilateral testicular tumours varies between 1.0% and 5.8% (Osterlind et al, 1991; Colls et al, 1996; Sonneveld et al, 1998) . Patients with bilateral involvement of paired organs, including the testes, are generally considered to be at high risk of having a genetic predisposition to the disease. A genetic susceptibility is emphasized by an increased incidence of testicular cancer in individuals with certain rare malformations of the urogenital system, some of which have a definite genetic component in the aetiology (Savage and Lowe, 1990; Heimdal and Fossa, 1994) . Moreover, higher rates of urogenital developmental anomalies have been reported in families prone to testicular cancer (Tollerud et al, 1985; Sonneveld et al, 1999) . Furthermore, testicular neoplasms are usually diagnosed at a young age, i.e. in early adult life, and the incidence declines after the age of 50 years. The young age at onset of testicular cancer indicates a role of important aetiologic factors operating early in life, such as in utero exposure to maternal oestrogens or exposure to infectious agents in early childhood Newell et al, 1984; Heimdal and Fossa, 1994) . Early operating aetiologic factors, however, may also include genetic influences. In addition to the literature, the geographic clustering of testicular neoplasms in the present series may also lend support to a genetic susceptibility. Demonstration that a disease occurs more frequently among individuals related by common ancestry is a strong indication that genetic factors are involved in the aetiology of the disease (Hauck and Martin, 1984; Muntoni et al, 1997) . Hypothetically, a genetic susceptibility to testicular cancer development seems likely among patients in the stable founder populations in the northern provinces of The Netherlands, showing higher incidence rates of testicular cancer than the mixed populations in the more urban areas of the country. The populations in the northern part of The Netherlands are formed relatively recently, i.e. about 2000 years ago, and mainly originate from the present day's Central European countries and Germany (Cavalli-Sforza et al, 1994) . They have been stable over the past two millenia due to low mobility of people and low immigration. Consequently, these stable founder populations in the rural north are likely to have a relatively higher frequency of genes identical by descent than the mixed populations in most urban areas. Since these shared genes among descendants may also include possible genes predisposing to testicular neoplasms, the magnitude of a genetic susceptibility to testicular cancer is probably stronger in such homogeneous founder populations than in urban populations which tend to have a higher degree of genetic heterogeneity. The regional clustering of testicular cancer in the north of The Netherlands therefore may lend support to the involvement of genetic factors in testicular cancer development, at least in part of the patients.
An observation by others which may be of interest in view of the present findings, is the small genetic distance existing between the Dutch and Danish population, indicating a similar origin of both populations (Cavalli-Sforza et al, 1994) . The incidence of testicular cancer in Denmark is about twice as high as in The Netherlands (Adami et al, 1994; Buetow, 1995) . However, since the north of The Netherlands is geographically closest to Denmark, the genetic homogeneity between the Dutch and Danish population is likely to be strongest for the Dutch population in the north. Regarding the relatively high testicular cancer IR in this part of The Netherlands, hypothetically this might indicate a possible common genetic susceptibility.
Thus, based on findings in numerous clinical and epidemiologic studies, including the current study, there is sufficient evidence to postulate a genetic susceptibility to testicular cancer. Although several candidate genes have been proposed, further research is indicated to clarify the molecular genetic basis and to identify the testicular cancer susceptibility gene(s) (Leahy et al, 1995; International Testicular Cancer Linkage Consortium, 1998; Murty and Chaganti, 1998) . Individuals in stable founder populations share a relatively high frequency of genes from common ancestors, i.e. genes which are identical by descent (Te Meerman et al, 1995) . Genes possibly predisposing to testicular cancer are likely to show increased frequencies among affected men in these founder populations. Consequently, as testicular cancer is rare and mapping of disease genes is difficult, testicular cancer cases in founder populations seem to be more suitable for searching genes involved in the development of testicular cancer than cases from general populations.
In conclusion, geographic clustering of testicular cancer seems to be present in the northern part of The Netherlands in areas with some stable founder populations. This finding may lend support to a genetic susceptibility to testicular cancer development, although it does not exclude the involvement of shared environmental factors in the aetiology of the disease. Therefore, in addition to studying the role of aetiologic environmental factors, further research is indicated to identify potential susceptibility genes. Testicular cancer cases in stable founder populations seem particularly suitable for searching genes predisposing to the development of testicular cancer.
